Metal injection molding of 22µm Co-Cr-Mo powder was investigated. The binder system used consists of a major fraction of paraffin wax, polyethylene and a minor fraction of stearic acid with a powder loading of 65 vol. %. The rheological behavior of feedstock was determined using Capillary Rheometer. The feedstock then injected into tensile bar using Vertical Injection Machine. The feedstock has been successfully injection molded at a temperature of 210 o C. The sintering behavior was investigated in the temperature range of 1300-1400 o C, and the effects of the sintering temperature, heating rate and soaking time, were examined. Results indicated that when sintering at lower temperature, the density of the sintered product was lower than the higher temperature, which at temperature 1390 o C given the highest density and tensile value. Nonetheless, the sintered part deformed when sintered at 1400 o C. The mechanical properties comply with the international standard (MPIF Standard 35, ASTM F75).
INTRODUCTION
Powder injection molding (PIM) is a powder metallurgy process currently used for the production of complicated and near net shape parts of high performance materials [1] . This technique basically combines the advantages of plastic injection molding and the versatility of the conventional powder metallurgy technique. The process overcomes the shape limitation of powder compaction, the cost of machining, the productivity limits of isostatic pressing and slip casting, and the defect and tolerance limitations of conventional casting [1, 2, 3] . According to German and Bose [2] , the technology of metal injection molding (MIM) is more complicated than that of the plastic injection molding, which arises from the need to remove the binder and to densify and strengthen the part. The process composed of four sequential steps: mixing of the powder and organic binder, injection molding, debinding where all binders are removed and sintering [1, 2, 3, 4] . If it necessary, secondary operations such as heat treatments after sintering can be performed [1, 2, 3, 4, 5] .
Materials such as metals, alloys and composites have been produced by MIM. Cobalt-chromium alloys are commonly used for surgical implants because of their high strength, superior corrosion resistance, non-magnetic behavior, and biocompatibility [3] . Applications include prosthetic replacements of hips, knees, elbows, shoulders, ankles and fingers, bone plates, screws, staples, and rods; and heart valves [3] . Joint endoprostheses are typical long-term implants, and the applied implant material must therefore extremely meet high requirements with regard to biocompatibility with the surrounding body tissue material and corrosion resistance to body fluids [4] . Various in vitro and in vivo tests have indicated that the alloys are biocompatible and suitable for use as surgical implants [4] .
The aimed of the study was to investigate the injection molding process parameters F75 CoCrMo alloy powder using conventional binder system consist of paraffin wax (PW), polyethylene (PE) and a small portion of stearic aced (SA). The sintering temperatures were varied from 1240 o C to 1300 o C. The processing techniques were based on or modified from that used for 316L stainless steel powder [5] .
METHODS AND MATERIALS
The -22 µm F75 Co-Cr-Mo powder used in this study has an average particle size of 15.09 µm was determined using MALVERN Particle Size Analysis as given in Table 1 while and a pycnometer density of 8.2 g/cm 3 . The powder loading for CoCrMo powder is 65 vol% then mixed with binder system composed of 55 wt% of paraffin wax (PW), 35 wt% of polyethylene (PE) and the remaining 10 wt% of stearic acid (SA) in Z-blade mixer at 160 o C with 60 rpm speed for 1 ½ hours producing feedstock and then cooled before granulated within 30 minutes.
The The granulated feedstock was fed through the vertical injection molding machine, MCP HEK-GMBH forming tensile bars as indicated in Figure 2 . During molding, the temperature and injection pressure were adjusted to obtain the optimum parameters for molding.
The injection molded tensile bars were subjected to solvent extraction process prior to thermal debinding process to remove PS. The parts were immersed in heptane for 5 hours at 60 o C. The same procedure was applied for solvent kinetic study ranging from 10 minutes to 300 minutes. After solvent debound, the parts were subjected to thermal debinding at different heating rates which are 
RESULTS AND DISCUSSIONS
The CoCrMo powder has spherical shapes which allow good particle packing during mixing and sintering (Fig. 1) . After a few trials, the feedstock of PS/PE has successfully injected into tensile bar (Fig. 2) at 230 o C at pressure of 300-350 bar with cycle time at 0.25 s. The above figure (Fig. 3) is a typical fracture and surface of a green part for PS/PE binder system. Scanning electron micrographs taken at the center of the center of the fractured green molded part show a uniform distribution of the binder throughout the part. The morphology of the feedstock indicated that the binder fills practically all the interstitial spaces among the powder particles. The binder is distributed in a fairly uniform manner throughout the body during injection process. A thin layer of the binder around almost all the particles can be seen which is considered useful for facilitating flow during the molding stage [6] .
The torque value which measured using Brabender Plasticoder is a measure of the resistance on the rotor blades. The homogeneity of the mixture can be predicted through mixing torque curves. Figure 4 (a), (b) and (c) show a typical torque versus time curve obtained for a Co-Cr-Mo and PW/PE/SA mixing. Table 2 . Torque for different powder loading ratio.
By observing the mixing torque value from Table 2 , the homogeneity of the feedstock can be predicted; the lower the value, the better is the mix [6] . Uniform mixing was assumed to have occurred when the torque reached the steady state value. Higher powder loading produced higher steady state torque level, indicating differences in viscosity of the mixture [7] . As the result, from the torque study, it can be concluded that the torque value of 0.25 Nm for 65vol. % is the most appropriate powder loading for mixing. As for 63 vol. %, torque level is the lower nevertheless, and 60 vol. % is the lowest value which was believed due to the powder-binder separation and it's also show instability phenomena that not provide a good flowability of the particles [6] . According to the result (Fig. 4) , it clearly show that the value of viscosity decreased as the value of shear rate increased.
Fig. 4. Graphs indicate rheological properties of CoCrMo feedstock for 65 vol%.
Tensile properties and densification trend of the specimens sintered under different sintering temperatures. It is clearly indicates that the density of sintered body increased as the temperature increased. The effective densification took place at temperature ranging from 1380 o C to 1400 o C. Optimum sintering cycle for densification consists of rapid heating at low temperatures, followed by slow heating in the intermediate temperatures (where densification is active while grain growth is retarded), with a final short high temperature sintering to avoid microstructure coarsening and to save energy [7] . Coarsening of microstructure and increase of grain size will deteriorate the mechanical properties. High sintering temperature must be avoided to evade shape distortion. Achieving superior properties has become the ultimate aim of any development of engineering materials especially in mechanical properties. The maximum ultimate tensile stress (UTS) of 822.01 MPa was achieved at the temperature of 1390 o C with density value of 8.388 gcm -3 . The increase in density and decrease in porosity contribute to the increase in UTS [8] . Samples with 1360 o C and 1370 o C sintering temperature in Fig. 5 clearly indicate that the grain boundary size is relatively large compare to the other samples. Still, for the sample sintered at 1380 o C and 1400 o C; the porosity existence has resulted in low tensile and density value. 
CONCLUSION
Through some modification on some MIM processes, the injection molding process has successfully implemented the F75 Co-Cr Mo (22 µm) powder. The physical and mechanical properties achieved comply with the International Standard, ASTM F75. The density and tensile properties of sintered samples increased as the sintering temperature increased. The optimum sintering temperature of CoCrMo alloy powder is 1390 o C with density at 8.39 g/cm3.
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